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EXECUTIVE SUMMARY 
Backeround 
(i) Many past international forestry research meetin& have made the point that because 
of the wide range of species used in forestry and diversity of forestry research issues, the 
primary thrust of research effort should be at the regional/national level. Top priority 
should be given to strengthening of national forestry institutional research capability. 
(ii) That was the underlying rationale for creation in 1983 of IUFRO’s Special Program 
for Developing Countries (SPDC) which for the last six years has been assisting 
developing country forestry research institutions to develop research networks on high 
prioriv research topics of common concern to developing country regions. It has also 
been the main thrust of external aid supported technical assistance research projects 
(particularly those of FAO). 
(iii) At the 49th meeting of TAC in June of this year, some TAC members questioned 
the validity of a research approach in forestry that focuses exciusively on this nenvorking 
approach. It was agreed that an effort should be made also to identify areas of research 
that might benefit from internationalization, The rationale is to provide TAC with a 
starting point for a further dialogue on institutional options for incorporating forestry 
research into the CG system. 
(iv) Accordingly, this paper reviews a number of selected forestry research topics that 
might benefit from being centralized in one or more international forest research centers 
along the lines of the IARCs. 
(v) The topics selected for discussion included: 
* New biotechnology (genetic engineering, etc.) 
* Vegetative propagation (tissue culture, rooting etc.) 
l Soil microbiology (Mycorrhizae, Rhizobium, etc.) 
* Woody Germplasm conservation 
* Policy research 
* Utilization research 
* Protection (entomology, pathology) 
l Remote sensing, information systems, mensuration 
(vi) The frost four areas relate to improving tree productivity and tree adaptabiliy to 
different conditions. Next comes the general categories of policy research and utilization 
research. The final three categories relate to improvements in management of forests 
and trees in land use systems (reducing uncertainty and reducing losses from diseases 
and insects) and to measurement of forest resource change and yield. 
Conclusions 
(vii) The main conclusion of this report is that some areas of forestry research such as 
clonal propagation, tissue culture, new biotechnology, utilization, and policy research 
have high potential for gains from centralization of research. However, an exclusive 
focus on centralized research would make only a limited impact on problems of 
deforestation and the potential to increase forest productivity. To be effective it needs 
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to be complemented by vigorous and sustained international support for adaptive 
research at the national level. 
For each of the topics reviewed the rationale for centralization of research (when 
appropriate) is briefly summarized below. The text of the report gives specific examples 
of research in each area and also identifies complementary investments needed to 
maximize benefits from centralized research. 
Clonal Propapation 
(viii) In the areas of clonal propagation and tissue culture substantial gains have already 
been made in productivity. There is clear potential to spread this experience from the 
industrial tree species that have been the focus of most past effort to rapid growing 
multipurpose species needed for fuelwood, agroforestry, wasteland reclamation and other 
uses. Centralization of such biological research could help to accelerate the transfer of 
technology and provide impetus to the wider use of vegetative propagation and tissue 
culture and related techniques. 
New Biotechnology 
(ix)The argument for centralizing such research stems from the fact that recombinant 
DNA, somaclonal screening, and parasexual hybridization or cell fusion all require a 
multidisciplinary cadre of highly specialized scientists. The present state of the art of 
application of the new biotechnology to forestry is quite limited and it will take many 
years to build up. There are promising potential gains in such areas as identification 
and isolation of woody plant genes, biological control of diseases and genetically 
engineered organisms for making use of wood waste. 
Soil Microbiology 
(x) Centralization of forestry related microbiology research, preferably at the regional 
level, could result in some positive gains. Much of the research work that is needed to 
develop improved nitrogen fixing species is closely related to earlier topics discussed of 
clonal propagation and biotechnology. Better strains of symbiotic nitrogen fixing 
bacteria need to be developed, which may require genetic engineering of both the tree 
and the bacterium, arguing for close integration between soil microbiology and genetic 
research. 
Conservation of Woodv Germ Plasm 
(xi) The case for centralization of research work in relation to conservation of germ 
plasm has been clearly articulated by IBPGR. IBPGR possesses a wealth of experience, 
which could be applied in the area of tree genetic resources on: 
l standards and advice on ex situ seed conservation; 
l methodologies for sampling techniques; 
l methodologies for computer-generated keys; 
. methodologies for assessing patterns of variation and planning collecting to cover 
ecogeographic ranges and maximize the capture of variation. 
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(xii) Our perception is that IBPGR’s centralized role in relation to these networking 
programs would act as the catalyst in stimulating increased support for tree breeding and 
improvement and conservation of genetic resources in forestry, providing scientific 
backup for the creation of tree breeding and improvement networks. 
P&v Research 
(xiii) Experience from IFPRI and other international centers of policy research have 
indicated the gains which can be made by working in an environment where there exists 
a critical mass of highly educated and experienced policy and economics researchers. 
Having said that, we hasten to add that meaningful policy research eventually requires a 
site or context specific setting, i.e., requires decentralized activity with local participation. 
Thus, some form of twinning-a highly experienced researcher working with a local 
researcher--can provide an appropriate mechanism. This is, in fact, the way in which 
IFPRI and WRI have conducted the limited forest policy research available today from 
international centers. 
Forest Pathoiow Research 
(xiv) Basically, there are three critical things that pathologists can do to contribute to 
forestry in the tropics. One is to educate foresters on how to spot early warning signs of 
emerging diseases. A second is to work with forestry researchers in the selection of 
species and disease resistant provenances of desirable species. The third is to workwith 
tree improvement specialists (geneticists and breeders) in selecting and developing 
disease resistant species and varieties. 
(xv) All three of these functions can be advantageously internationalized to some extent, 
so long as there is strong field level (national and local) capacity to absorb the output 
from the international centers. The most productive approach would be at the regional 
or subregional levels. 
Entomology 
(xvi) The potential gains from centralization of actual research are rather slight. 
Basically, research needs to be site specific, since there are so many site specific 
variables which determine the probability of damage and the severity of such damage, if 
it is not prevented. At the same time, there are significant opportunities for 
international networking in forest entomology research, such as indicated by the example 
of recent research on the psyllid affecting Leucaena. 
(xvii) A second area where centralization of forest entomology research makes sense is 
in breeding and tree selection programs, where the forest entomologist is one member of 
an interdisciplinary team working on a basic crop/output/product problem. Examples 
include teak production and management which is a widespread activity affecting a 
number of countries in different regions. Insect problems exist and need to be dealt 
with. Some of the entomology research related to these types of management situations 
could effectively be centralized. 
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Utilization 
(xviii) The types of utilization research which could benefit from some centralization 
and which are relevant in the context of CG objectives related to poverty alleviation and 
food security include, for example: 
Utilization of nonwood oroducts from the natural forests. includinp oarticularlv food 
and fodder oroducts. Although we know that a great many people in rural areas of 
developing countries rely on the natural forest for food supplies, a great deal of 
research remains to be done to understand the total utilization potential for different 
types of tropical forests and for different species of animals and plants. 
Market and other utilization research for oresentlv noncommercial trooical tree 
By increasing the number of species utilized, such research can increase snecies. 
significantly the economic productivity of the natural forest, thereby providing greater 
justification for sustained yield management of natural forests in place of their 
destruction. Wider species utilization can take the pressure off remaining forests, 
since given demands can be met from a wider range of species, but often from a 
smaller area. Examples of what such (public sector) research has accomplished in 
Malaysia (by FRIM) and in Nigeria (by FRIN) indicate some of the potential 
benefits. 
In sum, benefits relate to a) an increase in productivity which can translate into 1 
improved justification for sustained yield management, and b) a possible reduction in 
pressure to deforest remaining, unmanaged natural forests. Reduced deforestation 
can translate into food security benefits through reductions in siltation and 
downstream damages to reservoirs and irrigation systems that support food 
production. - 
Resource Assessment and Management Information Svstems 
(xix) A number of reserach areas related to resource management and management 
information systems could benefit from centralization. Remote sensing applications to 
monitoring and assessing deforestation and the state of the forest resources in the 
tropics involves use of expensive equipment and techniques which need to be further 
developed. Centralized research to develop such techniques could provide significant 
benefits. Similarly, research to develop effective and efficient management information 
systems, e.g., for multipurpose tree species, could benefit from centralization. 
The comDlementaritv of centralized and site soecific research 
(xx) For every one of the areas assessed, centralized research can become productive 
only if there is substantial investment in building UD local adaotive and adoDtive research 
capacity in national forestry research systems (NFRS). This situation is no different 
from agricultural research in developing countries some years before the IARC’s came 
on stream. The fact of the matter is that national forestry research capacity in most 
developing countries is low and in some cases nonexistent. 
(xxi) An exclusive focus on centralized research topics such as those discussed in this 
paper would be a quite inadequate response for tackling the issue of tropical 
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deforestation. There needs to be the closest possible linkage between centralized and 
adaptive research at the regional/national level. 
@ii) As a parallel exercise to this TAC funded initiative on areas of research that can 
benefit from centralization, a UNDP funded study is in progress of the options for 
strengthening research networking at the regional and national level.’ SPDC has worked 
on high priority research topics of common interest to groups of developing countries in 
the same agroecological zones. Special emphasis has been given to tree selection, 
breeding and improvement (a logical starting point for centralized research in the area 
of clonal propagation, tissue culture and other areas of biotechnology). 
Institutional Tmolications 
I 
(xxiii) The paper concludes by briefIy summarizing some of the more obvious 
institutional options emerging from this paper for strengthening of forestry research. 
The purpose is to provide a starting point for discussions of the issue by TAC at a later 
stage of the CGIAR/forestry dialogue. 
‘See ‘A Medium Term WC& Plan (l-92) for IUFRO’s Special Programme for Dweloping Countries and 
Discussion Paper on the Institutional Implication of the Evolution of the SPDC into an International Tropical Forestry 
Research Center. 
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INTRODUCTION 
1. The objective of this paper is to provide the TAC with an assessment of which 
types of forestry research could gain from being institutionalized in an international 
research center along the lines of one or another of the IARC models. 
2. The procedure used in preparing this report was as follows: Using telephone 
interviews with acknowledged experts in various areas of forestry research, the TAC 
Forestry Panel chair and CG Secretariat staff identified a number of specific areas of 
forestry research that appeared to have particular potential for internationalization. 
Each of these areas was then explored in more depth, using interviews and papers by 
experts in the various fields.2 Short summaries were developed of: i) past and potential 
contributions from each area, ii) potential gains and advantages from 
internationalization, and iii) complementary actions needed to ensure effective and 
efficient use of the outputs from such centralized research. 
3. We stress that this is an interim report to the TAC. Due to time constraints, it 
has not had the full benefit of all members of the TAC Forestry Panel. The intention is 
to circulate appropriate sections of this report widely among experts in each of the areas 
chosen for consideration to obtain their suggestions for how to improve the assessment. 
With their suggestions in hand, the Panel will revise the report into its foal form. The 
intention is to have the final report completed by September 30, 1989, to provide a 
background paper for discussion of priorities at ICW 89. 
LINKING INCREASED FORESTRY RESEARCH TO DEVELOPMENT. 
4. It has been amply demonstrated that forests and trees contribute to development 
and to the welfare of people, and that forestry and forestry research have increased that 
contribution in many ways. We do not need to repeat a detailed description of these 
contributions here, since the TAC has been exposed to them both in the documentation 
from Bellagio II and in a number of other documents written for the TAC (cf. J. Spears 
paper, and the first report of the TAC Forestry Panel). Rather, we focus here on 
identifying the priority areas of research that can help increase the benefits from forests 
and trees over time and that can benefit from centralization. 
5. Bellagio Il identified five priority areas of research which needed increased 
attention in order to address the urgent forest and tree related problems and 
opportunities facing the world today. The five areas are: 
Agroforestry, watershed and arid lands management 
Natural forest conservation and management 
Tree improvement 
Utilization 
FOliCy 
2 Our final repon will include a listing of the approximately 60 scientists and forestry eqxrts who have made an 
@ut into this paper and whose contributions are gratefully atiowledged. 
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6. The first two of these areas relate to research on land use management systems, 
i.e., research to tell US how best to combine what we know about trees, soils, diseases, 
pests, people’s wants, and available technologies in managing and utilizing farms 
(agroforestry), watersheds, arid lands and natural forests, including both moist tropid 
forests and savannah woodlands. A clear message from Bellagio II was that sustainable 
development requires a holistic approach to land use management and conservation, and 
research is needed at the site specific level to understand the complex physical/biological 
and social/economic interrelationships involved in each situation. 
7. The third Bellagio II priority-tree improvement-relates to the overriding 
concern with increasing productivity of trees and tree growing. This priority reflects the 
fundamental belief, based partly on the experience in agriculture, that increases in 
productivity of tree growing-both through biological improvements in the trees 
themselves and through improvements in selection of species and provenances--can 
contribute in a major way to an increase in the benefits derived from tree growing. 
8. The fourth Bellagio II priority-utilization research--relates to increasing 
effectiveness and efficiency in the utilization of forests and trees by improving the range 
of useful outputs which can be derived from forests and trees and the efficiency with 
which wood and nonwood outputs are produced. 
9. Finally, the fifth Bellagio II priority was policy research which is aimed at 
understanding and improving the policy environment within which forests and trees are 
managed and utilized. 
10. Thus, based on the Bellagio II priorities, there are four basic types of research 
which require attention in order to increase the contributions of forests and trees, and 
their outputs, to social and economic development. These are: _ 
Tree oroductivitv research. or tree imorovement and establishment research 
(Bellagio category 3; also provides an input into category 1). This includes basic 
areas such as the new biotechnology, vegetative propagation, soil microbiology, 
woody germplasm conservation, and species selection and provenance research; 
Policv research (Bellagio category 5). This includes, in the broadest sense, 
research on policies that affect forestry and agroforestry and socioeconomics 
research on the human side of land use systems involving trees (e.g., research on 
incentives). 
Utilization research (Bellagio category 4) including research on nonwood forest 
products, industrial wood products, fuelwood, charcoal and other wood-based 
products; 
Management research (Bellagio categories 1 and 2). This includes research on 
the interactions between elements in farming and livestock systems (agroforestry 
systems); linkages between elements in forest management systems; trees in 
watershed management systems; protection sciences (pathology and entomology); 
measurement sciences (mensuration and remote sensing); production/managerial 
economics; and research on the interactions between natural elements in various 
forest related systems (ecological research); 
2 
AREAS OF RESEARCH WHICH COULD BENEFIT FROM 
INTERNATIONAL. CENTRALIZED THRUSTS. 
11. The main question addressed here is: which of the above areas of research could 
benefit significantly from being institutionalized in international centers such as the 
IARCS, or in some other type of center? 
12. Obviously, some aspect of each research area could benefit from centralization. 
However, we have limited the discussion to those areas which are major ones and in 
which it is felt that significant gains could be made. At the same time, we have not tried 
‘to second guess the TAC in terms of areas which fit, and which do not fit, within the CG 
mandate. Rather, we have systematically gone through all the major areas of forestry 
research put forth by Bellagio II, recognizing that while some have significant potential 
to gain from centralization, they may not be areas of research which will be of interest to 
the CG system. 
13. Based on interviews and discussions with experts in the various subfields of 
forestry research, the eight areas listed below have been chosen for further assessment 
(some may be dropped and others may be added in the final report, after a more 
extensive review of this interim paper). The eight areas are: 
* New biotechnology (genetic engineering, etc.) 
l Vegetative propagation (tissue culture, rooting, etc.) 
* Soil microbiology (Mycorrhizae, Rhizobium, etc.) 
l Woody Germplasm conservation 
* Policy research 
* Utilization research 
* Protection (entomology, pathology)’ 
* Remote sensing, information sy+tems, mensuration 
14. The first four areas relate to improving tree productivity and tree adaptabilify to 
different conditions. Next comes the general categories of policy research and utilization 
research. The final two categories relate to improvements in management of forests and 
trees in land use systems (reducing uncertainty and reducing losses from diseases and 
insects), Thus, it can be seen that the chosen categories relate directly to Bellagio II 
priorities for research. 
ASSESSMENT OF EACH AREA OF RESEARCH 
WITH POTENTIALS FOR CENTRALIZATION 
15. Each of the promising areas is reviewed below. Each review or assessment 
involves looking at a) what the area of research has contributed and could contribute in 
the future, b) how it could benefit from international centralization, and c) what 
complementary activity/investment is needed to secure the benefits from the 
international, centralized research. 
3 In their more basic forms pathology and entomology research also can fit in the category of tree productivity or 
tree improvement research. However, we have put them under the management heading to emphasize what the qe*s 
told us: to be produaive and effective in output oriented research thrusts, thy should be thought of as components in 
an overall management research program 
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The New Biotechnolom Research 
16. The new biotechnology, for the purpose of this discussion, includes genetic 
engineering, commonly referred to as recombinant DNA, somaclonal screening, and 
parasexual hybridization or cell fusion. Vegetative propagation including 
micropropagation and advanced tissue culture are discussed as a separate topic below. 
17. Even in the -most advanced research and development program, the new 
biotechnology is but a primitive science as it relates to forestry. Although there are 
some promising research and development activities, actually no new products developed 
mainly from the new science have been commercially or even extensively field tested. 
The application of biotechnology in forestry is a young activity. 
18. Furthermore, we cannot and should not expect application of the new science to 
forestry to follow exactly the same path as modem agriculture. Unlike modem 
agriculture, which deals with relatively few very important plant species worldwide, many 
of which have been studied and improved upon over many generations, foresters still 
deal with numerous woody species, often distributed locally. Most of these species have 
not been successfully tissue cultured. This will be a major barrier to application of 
certain biotechnological techniques. 
19. The practical application of some of the new biotechnologies in plants is several 
years in the future. Techniques such as gene transfer and somatic hybridization are in 
only the earliest stages of research with regard to forest trees, even in the most highly 
developed countries. Even in agricultural crops, which are the object of massive research 
efforts in comparison to forestry, no improved lines have yet been produced by the new 
technologies. 
Actual and potential contributions of the new biotechnolo!-v research: ti summarv 
20. Given the above caveats, new biotechnology offers the first realistic method for 
identification and eventual isolation of useful woody plant genes. Somaclonal screening 
has already been shown to be an efficient and rapid method for the identification of 
certain genotypes. Recent advances have clearly demonstrated that natural bioIogica1 
control agents can be made more effective. The new biotechnology is providing an array 
of new methods for early detection and identification of woody plant pathogens, 
especially in seeds. Finally, it may well be possible to utilize much current “waste” wood 
by construction of biological wood processing factories using genetically engineered 
organisms, e.g., the use of delignified wood as a cattle feed. PLS examples of current 
application: 
l In the case of genetic engineering, researchers, using techniques common to agricultural 
biotechnology, have inserted the APA gene into hybrid poplar (PupuIus alba x grmdidcnma). This 
genetic transformation was mediated by a Ti plasmid of Agmbacteriwn fwnafaciens. The -A-gene 
has been demonstrated fo confer tolerance to the herbicide “giyphosate” in higher plants. 
l In experimental agriculture, somaclonal techniques have been successfully applied fo identify salt 
tolerant clones of several crops. The technique would be of direa value to identification of potential 
clones of an array of woody plants for marginal lan& especialiy agricultural lands abandoned due to 
high salt levels. Any number of woody plants-including Euca&u~ spp., Lrrccocna spp., and various 
Acacia spp.-could be considered. This same somaclonal screening technology could also be applied 
for initial identification for resistance to certain insect pests. A possible candidate would be kucaema 
fcucocephafa resistance, or at least tolerance, to Hercmpuylfa cubana @Iant hopper). More promising, 
perhaps, is application in testing again3 pathogens and environmental stress. 
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21. Although most major woody plant desirable characteristics--e.g., rapid growth 
stem straightness or fruit production--are controlled by multigene complexes, there are 
still opportunities to employ selected single genes either from woody plants or other 
organisms. So far, no major useful genes have been isolated from woody plants. This is 
due in part to the long reproductive cycle of many woody plants and, thus, traditional 
gene mapping is nearly impossible. The new technology makes it feasible to bypass this 
barrier by using genes of less complex systems. 
22. For woody plants, the new biotechnology offers a realistic method for mapping, 
identification, and possible isolation of useN forest tree genes. Although this must be 
considered a basic research effort, use of current isozyme techniques with restriction 
fragment length polymorphism an& other currently available techniques permit 
development of a saturated genetic linkage map. In time, such a genetic map would 
provide markers to accelerate tree breeding and improvement. Such an effort could 
focus on selected high-value and wide-adaption species. It should be emphasized 
strongly that useful results and progress in this area are recognized to be a long ways off 
and will require major investment before results of practical use likely will materialize. 
23. The time is now right to develop and test a series of model systems employing 
traditional timber species as well as seIected multipurpose species. It is important that 
research and development be encouraged and fostered if any real progress is to be 
made. 
24. To date, the new biotechnology has made only modest advances in improvtig 
natural biological control agents in forestry. Yet since most forestry practices in the 
developing world are extensive, not intensive, and must be done at relativelv low cost, 
use of safe and appropriate biological controls of major pests must be considered. Some 
progress has already been made in genetic alteration of some naturally occurring forest 
insect baciloviruses employing DNA modification. A possible target for this control 
could be the rhinoceros beetle (Ocycfes spp.) common to the tropics. 
l Early research results suggest that the effectiveness of certain nuclear polyhidrosis viruses can be 
improved by recombinant DNA techniques. Such biological control agents can be targeted to certain 
broad spectrum insea pests and are thus environmentally safer than many current chemical 
insecticides (Krugman 1989). 
25. In the last few years, considerable progress has been made in discovery and 
isoIation of lignases. Ligninase is a naturally occurring enzyme that breaks down lignin. 
With the new biotechnology, it should be feasible to construct biological wood processing 
factories. Research is directed at creation of a microorganism to produce lignase 
without consuming lignin biodegradation products. At least one ligninase gene has been 
isolated; thus, in time, an array of woody plant waste products can be further utilized by 
this technology. It may eventually be possible to employ this type of technology at both 
the village level (e.g., for wood derived fodder production) as well as the industrial 
setting. It should be pointed out that this is one area where utilization research and 
basic biotechnology research come together for a common purpose. 
Institutional ootions for centralization of new biotechnoloev research. 
26. Many of the most sophisticated technologies are not yet available to developing 
countries because these countries lack the necessary infrastructure. Research using 
recombinant DNA technologies requires: expensive and delicate apparatus, such as 
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ultracentifuges, which must be maintained by highly specialized repair personnel; 
reagents that are mainly produced in the industrialized countries and are difficult to ship 
long distances bemuse they must be kept refrigerated during shipment; ready access to 
computers and their constantly-evolving software; and libraries with a variety of journals. 
Invariably, research on recombinant DNA--gene splicing--involves a cadre of highly- 
specialized scientists as well as technology; the transfer of an insecticidal gene to tobacco 
involved at least nine scientists and the transfer of foreign genes into forest trees needed 
the expertise of four scientists from three separate institutions. 
27. In sum, setting up an effective research center to deal with the various aspects of 
the new biotechnology applied to forestry involves a,. major investment and requires 
attracting a cadre of highly skilled scientists. Further, much of the new biotechnology is 
not site specific and could be carried out in a well equipped lab located anywhere. Thus, 
there could be substantial benefits derived from centralizing a significant research effort 
in the new biotechnology applied to forestry. 
28. At this time, almost no developing country research institutions have initiated a 
major biotechnology program in forestry. This institutional problem can be addressed in 
several ways. A critical mass of scientific skills is obviously needed, skills that must 
include biochemistry, forest genetics, physiology, microbiology, and molecular genetics. 
The institute should be associated with a forest genetics and tree improvement program. 
It must be large enough to obtain and maintain adequate facilities and equipment. It 
must be sedirected as to encourage and foster networking with similar institutions. - 
Preferably it should be associated with a major university to foster a graduate student 
educational program and a post-doctoral program. Being realistic as to the availability 
of funds and scientific skills, these characteristics support the concept of a very few 
regional research centers. Priority-setting, cooperation, field testing, and e.xtension 
would all take place with existing national or private institutions both in forestry-and 
agriculture. 
29. Because woody plants in use vary with geographic areas, forestry biotechnology 
centers would ideally be placed in at least three geographic zones. Since certain of the 
basic research can be accomplished at any center, each forestry biotechnology center 
would be responsible for research and development in a given area of basic woody plant 
research. Although some duplication in applied research direction will occur, extensive 
basic research program duplication should be avoided. As noted earlier, a majority of 
the new agricultural biotechnology being developed can be applied to woody plants. 
Thus, there would be advantages in keeping close working ties with appropriate 
agricultural research centers. 
Comolementarv investment needed to secure the benefits from centralized research. 
30. The new biotechnology can be characterized as high-risk with very high payoff 
potential. It is, however, a scientific effort and not part of the current forestry research 
and development infrastructure in the majority of developing countries. Forest genetics 
and tree improvement are not well advanced in many developing countries and, except 
for a few traditional timber species, very little biological information is actually known 
about the large number of woody species now in use. Yet, in spite of these and other 
constraints, realistic opportunities to apply the new biotechnology to forestry problems 
do exist. The key will be to assemble the limited resources and provide a realistic focus 
to the research and development effort. At the present time, the requirement for 
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complementary investment in adoptive research capacity in developing countries is not 
very strong. Some years down the line, when we get closer to payoffs from this basic 
type of research, then capacity will need to be built up. 
Clonal ProoaPation In&dine Tissue Culture Research 
31. Vegetative propagation of woody plants is long established and is often preferred 
compared to seed propagation because it yields more uniform individual plants. Of 
forms of conventional vegetative propagation, rooting of cuttings (twigs, etc.) has 
commonly been used because the field performance of self-rooted plants is more reliable 
than grafts, in which the stem and roots usually originate from genetically different 
plants. 
32. One major consideration in vegetative propagation is the higher cost per 
resultant plant compared to seed propagation (assuming that seed is available, which is 
often untrue). Conventional vegetative propagation usually is less costly than 
micropropagation but still not equal to seed propagation. Therefore, vegetative 
propagation is worthwhile only when the value added about equals or exceeds that 
obtained by using seed. Available evidence suggests that the value added by vegetative 
propagation may be great enough so that its use should be researched much more. 
l In Brazil, produaivity of ELIcafypfus (in terms of annual pulpwood yield per unit area of land) at 
age 7 years may be increased by as much as 135 percent by establishing stands with conventionally 
rooted cuttings of selected clones, compared to yields from unimproved plantations which were on the 
site before they nvitched (data from Aracruz); height growth has been 20 m in 3 years and 32 m in 5 
years. 
l In Congo, using seleaed clones of Eucalyptus, the mean annual increment increased from 10 fm/ha 
to 40 fm/ha (Zobel 1983). In West Germany, seleaed clones of Picea abies have proven 2.5 percent 
more produaive compared to the average for plants propagated from seed-which are genetically 
heterogeneous for produaivity traits, so best individuals need to be carefully seleaed (Kleinschmit 
1988). 
Contributions of clonal orooaeation 
33. Vegetative propagation is a critically needed skill in forestry because use of 
clones is usually an important interim part of any plant genetic improvement program. 
Vegetative propagation is usually needed, regardless of whether the program has its basis 
in conventional breeding or biotechnology, or both. In its interim role, vegetative 
propagation can clone the most productive individuals within a seed-originated 
population, long before seed could be produced. Seed production is a late-life trait in 
most trees and flowering of mature trees is erratic; in addition there are often losses of 
flowers due to weather and seeds due to insects. 
34. Technically, vegetative propagation permits the “capture” of the top of the genetic 
variance for productivity traits within a population. The “top-line” clones can then be 
used for establishment or for production of clonal seed orchards, or both. Breeding is, 
however, always needed to improve a species because, except for rare instances, 
vegetative propagation does not result in any genetic recombination leading to heritable 
productivity improvement. 
l Clonal propagation has been successful with several temperate forest tree species, notably 
Populu, Cryprmnen’a japonica, Chatnaecypm~ obnrsa, and Picea abies. Clrprumetia japonica 
and Chamaccypcuir ob&ra .have been vegetatively propagated by rooting in Japan since 1400, 
and Pop&s and Scafix for centuries in Europe. Similar programs have been initiated for 
PsedoUuga metwsii and Tsuga hctctvphylla in U.S. and Canada, for fiur taeda in U.S., and 
for L&x in Japan. Lesser programs have been initiated for fme quality hardwoods such as 
&+A% tius, Acer, and Qucrcus in U.S., France, and West Germany (IQeinschrnit 1988). 
l The moSt spectacular current examples of vegetative propagation in forests relate to fast- 
growing industrial species such as Eucai~n~s. Seed production in most euca@s is early and 
copious, and most tropical plantations have been established from seed. Grafting ar;~p 
successfully developed in breeding programs for seed production. However, substantial 
Spdic combining ability variance has been found in various species and the extraordinary 
propensity of species in the genus to hybridize has, in some instanccs, led to serious loss of 
produaivity through segregation in the F2 and the subsequent generations, e.g., in Brazil ‘0 
where &&yptus urvphyila has hy+xidized with Jeveral other EucaIypnrs species. Both these 
faaors, and the potentially valuable heterosis that has been displayed, have aaed as 
stimulants to develop techniques for vegetative propagation. Since the mid 1970’s, the 
genetic improvement work on eucalyptus has concentrated on clonal propagation of the Fl 
generation of hybrid eucalyptus. Recently, mas cutting techniques with specific hybrids in 
the Congo, E. wuphyifa x E. alba Reinw. ex Bl. and E. tenzticomia Sm. x E. solinga Sm., and 
Brazil, E. urophylla x EucaI~tus spp. have been perfected to the point where extensive clonal 
plantations of exceptional quality are now being established in some areas where 
performance of the pure species was so poor that afforestation originally could not be 
contemplated (Campinhos and Ikemori 1980). 
l There is also high potential for increasing productivity of high value tropical hardwood 
species. For aample, the work of Leakey et al. ar the Institute of Terrestreal Ecology in 
Scotland is developing clonal material of seleaed West African hardwoods (Ttiplochton and 
Terminalis spp.). Promising results have been achieved 
l Among the pines, greatest advances in the development of operational vegetative 
propagation rechniques have been made in Pinus mdiata. In New Zealand and Australia the 
species is on the verge of small-scale commercial propagation by cuttings produced from 
specially managed clonal hedges. More recently, in New Zealand, it has been demonstrated 
that complete plantlets can be generated from embryonic tissue using micropropagation - 
techniques. and rhis method is now being used in a pilot scheme to amplify small amounts of 
valuable controlled-pollinated seed (Thulin and Faulds 1968). 
35. In developing countries, the species of most widespread application are fast- 
growing multipurpose species for the production of fuelwood, fodder, forest poles, 
timber, and other useful products. So far little progress has been made in applying 
vegetative propagation techniques to these species but there’are some useful beginnings. 
l Species of the genus Cusutina are becoming increasingly important for protection of 
forestry, tree-growing in arid areas and agroforestry. The causarinas seed freely but several 
species are dioecious. In Thailana an importation of alI male seedlings of Casuari~a 
junghuhniana of aceptional form made it necessary to propagate by vegetative means and a 
cutting technique with commercial application has been developed (Haissig 1989). 
36. Many nitrogen-ftig species have potential for use as multipurpose trees in 
tropical environments, particularly the genera Acacia and Prosopis. Work is ongoing on 
the self-pollinating Leucaena Zeucocephakz and some recent work advances have been 
made on cloning Pmsopis spp. However, to date few MPTS have been seriously bred or 
vegetatively propagated for either breeding purposes or commercial plantation. 
l Vegetative propagation could be used for the widespread distribution of individual 
phenorypic seleaions from local land races while awaiting the release of seed of proven 
varieties, e.g., the fast-growing K8 cultivar of L leucocephula developed af the Nitrogen 
Fixing Tree Association in Hawaii or the backcrossed L feucoccphala x L pulvemienta, 
developed for tolerance of acid soils by the Centro Intemacional de Agricultura Tropical in 
Colombia. Even though land races of many legumes may differ from each other as the result 
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of intense, though possibly unconscious, selection, there remains considerable variation within 
races of which the speci!Tc combining ability component may be captured by vegetative 
propagation (Barnes and Burley 1987). 
37. Clonal propagation through tissue culture offers the possibility of juvenile 
screening for growth rate and disease susceptibility of resistance. Current work includes 
the development of model in vitro systems to examine the disease defense and resistance 
mechanisms of tree species. These can then be extended to evaluate all selected 
genotypes before bulking and distribution into national breeding populations. Tissue 
cultures and micropropagules will also permit the evaluation of trees for tolerance of 
difficult soils (acid, alkaline, saline or affected by heavy metals), adverse climatic factors 
(extreme-s of temperature and rainfall) or aerial pollutants. 
38. While the bulk of tree products are solid or reconstituted wood, a significant 
proportion of the economicvalue derived from trees is made up of chemical derivatives; 
many of these are tapped directly from the standing tree, such as rubber, resin and gum, 
or extracted from wood, bark or leaves, such as essential oils. A possible application of 
tissue and callus culture is the mass production of such chemical feedstocks in u&o. 
l The UnilRrer Company’s recent program for palm oil produaion, using the new 
generation of plants, was based largely on the tissue culture of selected Nigerian clones, 
bulked in UK, and transferred to Malaysia (although problems were encountered in sex 
determination within the cultures) (Corley et al. 1979). 
Potential Pains from centralization of vepetative urooaeation research 
39. External-funded projects in India (Delhi, Bangalore, Poona, Chandigarh) and 
Brazil are researching some problems of micropropagation and establishment of 
multipurpose species. USAID is funding a project for Acacia mangium, Acacia 
ariculifonnis, Leucaena leucocephala, and Eucaiyptus canalculensis to apply existing- 
experimental tissue culture protocols, to produce trial quantities of clonal planting 
materials of selected biotypes, to compare the resulting plants with seedlings from the 
same parent stocks, and to test on 4-5 planting sites in as many Asian countries. In 
addition, other locations in Africa (Congo, Ivory Coast, Kenya), India, Philippines, 
Thailand, and Costa Rica would be suitable vegetative propagation/establishment project 
sites. Ma-Pacific in particular has numerous scientists and locations that might be 
“ConvertedR to micropropagation of multipurpose tree species. 
40. The previously mentioned projects are individually very worthwhile, but when 
viewed collectively they lack enough administrative and scientific cohesiveness to give 
certainty that fust problems are being attacked first, and that research attacks have 
magnitudes at least equal to those of the biological problems faced. Then there is the 
question of adequate technology transfer to all global programs and areas that need the 
newly-gained knowledge. Addition of new projects under a similar administrative and 
technical format would probably not strengthen current perceptions/truths. Overall, 
efficiency of research, and research and development for vegetative 
propagation/establishment need to be improved. Some centralization could be a critical 
factor in such improvement. 
41. The needs exist and the time is opportune to develop an administratively and 
technically cohesive program for innovative vegetative propagation and establishment of 
multipurpose tree species to provide useful clones; enough fundamental biological and 
technical knowledge is available as a basis to enhance conventional vegetative 
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propagation and micropropagation; and, more than enough critical practical problems of 
propagation and establishment remain for solution. An innovative program to help solve 
current problems of vegetative propagation and establishment must, in the whole, obtain 
knowledge equally at the laboratory, nursery, and establishment levels of operation. 
Otherwise, elegant laboratory research may not efficiently or at all be transferred into 
the near-term practical accomplishment of established, vegetatively propagated plantings 
of multipurpose species. An innovative program must have integrated phases of 
research (to obtain new knowledge) and research and development (to immediately 
transfer new knowledge to the field). 
42. To have an administratively and technically cohesive program, one under the 
administrative auspices of, e.g., a CGIAR-type interactive center, would seem 
appropriate. 
Comolementarv investment needed to ensure effectiveness of central research. 
43. Much or most of the research could be performed in host-country institutions to 
foster “local ownership.” Prime candidate countries are Congo, India, Ivory Coast, 
Camoros, Kenya, Philippines, Thailand, Brazil and Costa Rica. However, additional 
investment would be needed in building up local capacity to undertake such research. 
Soil Microbiolow (Nitrogen Fixation, 
Mvcorrhizae. and Associated Soil 
Microbiolotical1 Research 
44. The potential contribution of nitrogen fixing tree species to agricultural 
productivity is well known to CGIAR/TAC members. Several of the existing IA-RCs are 
already actively engaged in research in this area (e.g., IITA and ICRISAT’s work on 
alley cropping with Leucaena and CIAT’s work as part of its Tropical Pastures Program 
with species of Leucaena, Desmodium, and Gfiricidia; ILCA is collaborating with the 
Nitrogen Fixing Tree Association (NPTA) in developing a gene bank collection and in 
testing multipurpose tree legumes for the subhumid zone in Nigeria; IBPGR, in 
establishing priorities for woody species, ranks as priority one 4-S leguminous genera 
used in agroforestry including Acacia, Glirickiia, Leucaenq Sesbanicr, and Prosopia spp.). 
FAO is involved in this area in a major way, e.g., through its Panel on Forest Genetics 
and its involvement in research networks. 
4s. The objectives of such research are to increase the yield of associated crops and 
improve soil nutrient status via leaf and fallen fruit litter, or release of root debris and 
nodules (root litter), and by the concentration of soil nutrients extracted from the deeper 
soil horizons and eventually from the water table, and their return to the soil surface 
with the litter. 
Contributions of soil microbiolow research 
46. There are many well-documented examples of how research in this field has 
already made significant contributions to agriculture and sustainable land use. 
l Pre-inoculated seeds of kucacna Icucoccphala were sown directly in the field by Sanginga 
et al. in 1986 who tested IRc-1045 and IRc-1050 rhizobium strains in agroforestry 
experiments at two locations in Nigeria. At both places, inoculated trees produced more 
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nitrogen and dry matter than controls. The effect wds equivalent to the application of 150 
k&h-are of urea. There were beneficial effects on the subsequent crop of make. 
l When coupled with provenance selection, Sougoufara et al. (1987) aa.mined the nitrogen 
fbtillg potential of Castia cquisetifolia. They identified a clone with a much higher 
nitrogen fDcing potential than unselected provenances. Clones inoculated with Fr&ia 
produced 2.6 times more biomass expressed in terms of dry weight and total nitrogen than 
control plots. 
l Work on mycorrhizaf inoculation with ectomycorrhizae in the United States and Canada 
showed significant reduction in seedling loss (by over 25 percent) at the nursery stage (Manr 
et al. 1989). 
I’ 
l Work by Matx and Cordell(1984) in the U.S. showed that after 4 yean, Pisolitilcs rincjorir 
ectomycorrhizae stimulated increases in per/hectare volumes by 43 percent and increases m 
green weight of 37 percent for loblofly pine Pinus taedo) and increases of 22 percent for both 
parameters for slash pine (P&s e!fiomJ, etc. (Marx et al. 1988). 
Potential Pains from international centralized research in soil microbioloq 
47. The potential gains from centralization of research either at the global or the 
regional level are high. Much of the research work that is needed to develop improved 
nitrogen fixing species is closely related to earlier topics discussed of clonal propagation 
and biotechnology. Better strains of symbiotic nitrogen ftig bacteria need to be 
developed, which may require genetic engineering of both the tree and the bacterium, 
arguing for close integration between soil microbiology and genetic research. - 
Comolementarv investment needed to ensure effectiveness of centralized soil 
microbiolow research 
48. One of the most serious bottlenecks is the current inability to culture certain 
types of mycorrhizal fungi separate from their host plants. The starting point for 
identifying trees with higher nitrogen ftig potential, for example, requires that the 
whole population in a provenance must be screened, and that can only be done by in situ 
research as also must be the field testing of potential for transfer of nitrogen fared by 
tree-associated crops. Such site-specific research is essential to complement centralized 
laboratory research into the potential for genetic engineering and other biotechnology 
related aspects of soil microbiology. 
Conservation of Woodv Germ Plasm 
Contributions of eerm ulasm conservation research 
49. The importance of conserving germ plasm of forest-derived plants and trees, and 
underlying reasons for this, have been well described in many previous CGIAR and 
other publications, particularly most recently in “Genebanks and the Worlds’s Food” 
(Plucknett, Smith, Williams, and Anishelly 1989). 
Contributions 
so. In addition to the direct contribution to agriculture, worldwide concern has been 
expressed at the importance of germ plasm conservation as a way to conserve for the 
benefit of future generations many of the wild species occurring in natural tropical 
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rainforests, which are currently disappearing at a rate of some 7 million hectares a year 
and many of which will disappear before the turn of the century (Myers 1984). Forest- 
derived plants, insects, and animals could make a significant contribution to assuring 
future supplies of medicinal, fibrous, and industrial raw materials in addition to 
conservation of germ plasm for sustaining and increasing agricultural productivity. 
Potential Pains for international centralization in Perm olasm research 
51. The case for centralization of research work in relation to conservation of germ 
plasm has been clearly articulated by IBPGR. IBPGR possesses a wealth of experience, 
which could be applied in the area of tree genetic resources on: 
. . 
l standards and advice on er sitrc seed conservation; 
l methodologies for sampling techniques; 
l methodologies for computer-generated keys; 
l methodologies for assessing patterns of variation and planning collecting to 
cover ecogeographic ranges and maximiz e the capture of variation. 
52. The traditional agricultural research approach to germ plasm collection and 
management is appropriate for some forestry tree species (particularly dry zone species 
and some of the exotics such as pines and eucalyptus) and for these it is quite 
appropriate to develop regional seed/germ plasm/storage collection facilities. 
53. However, for the bulk of the wet tropics partly because of the extremely shoti 
viability of many species, it becomes necessary to develop in situ field gene banks, i.e., 
“Representative Germ Plasm Management Areas” within natural forests or plantations. 
Because these need to cover a wide range of agroecological zones, this argues for a 
networking approach (e.g., along with lines of the programs that are being developed 
independently by FAO for arid zone species; by the IUFRO/SPDC for multipurpose 
species in Asia, Africa, and Latin America; by ICR4F for agroforestry species; by 
CSIRO for Eucalyptus and Acacia spp.; and by IUCN for endangered species, and so 
on). 
54. Our perception is that IBPGR’s centralized role in relation to these networking 
programs would act as the catalyst in stimuiating increased support for tree breeding and 
improvement and conservation of genetic resources in forestry, providing scientific 
backup for the creation of tree breeding and improvement networks. In accordance with 
IBPGR’s B-point mandate (set out in the IBPGR’s February 1989 Board paper), IBPGR 
would act as the focal point within the CG system for the scientific aspects of both 
agriculture and tree genetic programs, but leaving actual implementation and on site 
conservation and management of germplasm resources to other specific agencies such as 
those cited in paragraph 53 above. 
Police Research 
5s. Under this heading, we include not only traditional policy research, but also 
socioeconomics research related to forestry, i.e., research related to incentives, price 
formation, income distribution and equity issues. Table 1 provides an overview of 
priority areas of research as put forth at Bellagio II. 
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contributions of forest oolicv research. 
56. Policy research in this broader context is somewhat different from the other types 
of research which have been discussed. In many cases, it contributes significantly, but 
only indirectly, to increasing the effectiveness and efficiency of forestry, just as much 
policy research related to agriculture has contributed significantly, but in an indirect way, 
to improving the role of agriculture in development. 
57. Effective policy research related to forestry in development has been scarce in 
the past. For that reason it is difficult to identify many examples of where such research 
has contributed yet to development. Some examples of recent research include: 
** Kumar and Hot&kiss (1989) show how the progressive enqoachment of culrivation i ro 
forested areas forces women and other members of farm families to walk increasing distances 
to gather fuehvood and fodder from trees. This reduces the time that they can work on their 
farms. Results of the study suggest that it is not enough to rety on out-migration or 
reforestation efforts along to improve the economy and ecology of the region studied. (One 
out of every two households already has a permanent migrant worker). Strategies for raising 
agricultural productivity need to be considered. Farmers need to shift away from subsistence 
production to market oriented agricultural products. 
l * Dewees (World Bank 1986b) researched how farmers in parts of Kenya are conditioned 
by availability of capital and labor, In areas where labor is scarce, tree growing may take 
place where the returns per hectare are lower than from other crops, but the returns to labor 
are some 50 percent greater than from maize production. Reduced risk also entered the _ 
piaure. 
l * Anderson (1987) canied out detailed research on the economics of multipurpose tree 
species in Nigeria. The results indicate that rates of return can increase from 7.4 to 16.9 
percent when soil conservation benefits are included in addition to wood and fruit benefits in 
agroforestry components, and from 4.7 to 21.8 percent when shelterbelt soil conservation 
benefits are added to wood benefits (poles and fuelwood) alone. 
l * Recent studies by the WRI (Repetto and Gillis 1988) rweal that, in Indonesia, 
Sabah/Malaysia, Ghana and the Philippines, government policies on forest revenue syuems 
and wood-processing industries provided strong economic incentives, which led fo accelerated 
rates of forest depletion and substantial losses of government rwenue, due to lack of 
adequate rent capture from concessionaires. The economic losses due to these policies, in 
addition to other social and environmental impacts, are enormous. 
l * Research by Hecht and Schwarnman (1988) indicate that the costs of recuperation of 
three million hectares of degraded forest land in Acre, Brazil, would be some USS781 million 
in direct recuperation costs and some US%150 million in exrractive benefits foregone. 
O* Santa Cmz (1988) researched the Chilean forestry incentives program (Law 701) and 
concluded that the financial rates of return on Pinus &iufa growing are, on average, high 
eriough without incentives to atrracf investment. However when Law 701 was passed, there 
were high risks and uncertainties surrounding investment in pine growing, and particularly a 
lack of mre markets and Liquidity of such investment over the frrst years. The 
development of the major Chilean pine export business would likely have been delayed a 
number of years without the incentives to ease the burden of risk and uncertainty. 
l * Mahar (1988) researched policy reforms needed in Brazil to deal wirh the worst problems 
associated with Amazonian deforestation. Reportedly, Mahar’s work had some influence on 
the President of Brazil, who recently made some changes in Brazilian policy regarding 
development of the Amazon. 
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potential.eains from international centralization in uolicv research. 
58. Experience from IFPRI and other international centers of policy research have 
indicated the gains which can be made by working in an environment where there exists 
a critical mass of highly educated and experienced policy and economics researchers. 
Having said that, we hasten to add that meaningful policy research eventually requires a 
site or context specific setting, i.e., requires decentralized activity with local participation. 
Thus, some form of twinning-a highly experienced researcher working with a local 
researcher-can provide an appropriate mechanism. This is, in fact, the way in which 
IFIXI and WRI have conducted the limited forest policy research available today from 
international centers. . . 
Cotiolementarv investments needed to ensure effectiveness of centralized oolicv 
research. 
59. All forest policy research must have some local content and grounding, i.e., relate 
to specific policy environments found in specific situations. As such, local research 
capacity is needed to twin with the highly experienced researchers from an international 
center, or with researchers specializing in a given topic who are contracted for a specific 
study by the international center. At the present time, most developing countries are 
extremely weak in terms of forest policy research capacity. Thus, investment in training 
and internship experience for policy researchers is needed. As an alternative short run 
solution, policy researchers in other fields can be attracted to work on forestry problems 
if the incentives (mainly resources) are made available. 
ti 
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60. Tropical forest pathology is simpler in many ways than temperate forest 
pathology. On the one hand, because of the complex ecology of the natural tropical 
forest, there are very few serious problems with disease in natural forests. On the other 
hand, only some 20 or so species make up probably 90-95 percent of the plantations in 
the tropics, and there are only some 15-20 pathogens associated with these species, all 
fairly well-known. 
61. In Asia, for example, there are some four or five main diseases affecting trees 
which are fairly widespread and well-known. While there may be some other diseases 
which are serious in limited areas, they do not constitute diseases that could be tackled 
productively in regional research centers. 
Contributions of forest uatholoev research. 
62. The contributions of forest pathology researchers in the tropics are varied. One 
area of contribution is in the selection of species and provenances that are disease 
resistant and ones that are compatible with given sites to minimize stress (since it is high 
stress which opens the way for diseases). Other contributions relate to breeding for 
disease resistance. 
l A problem with canker disease was encountered at Aracruz morestal (the company in 
Brazil that has been doing the excellent work on breeding cucaiyptu). A plant pathologist, 
working closely with the management and research personnel on the ground, helped to fmd 
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and introdue a disease resistant species of eucalyptus and and within that the best available 
provenance to arbstitute for the one being attacked (personal communications, C. Hodges). 
l kt forestry, somaclonal screening has been successfully employed to rapidly identify 
resistant C~OIWS of hybrid Populus sp. to the fotiar and canker pathogen, Scptolia munk. 
Many other folk disease exist which reduce productivity; it should be possible to employ 
somaclonal screening techniques to accelerate identification of resistant clones (provided that 
the species selected can be easily cloned). 
AdvantaPes of centralization in forest Datholow research. 
63.’ Basically, there are three critical things that pathologists can do to contribute to 
forestry in the tropics. One is to educate foresters on how to spot early warning signs of 
emerging diseases. A second is to work with forestry researchers in the selection of 
species and disease resistant provenances of desirable species. The third is to work with 
tree improvement specialists (geneticists and breeders) in selecting and developing 
disease resistant species and varieties. 
64. All three of these functions can be advantageously internationalized to some 
extent, so long as there is strong field level (national and local) capacity to absorb the 
output from the international centers. The most productive approach would be at the 
regional or subregional levels. 
65. To take one specific example, in the case of the four or five pan Asian diseases, 
some regionalization of pathology research would be advantageous, particularly in 1 
connection with a broader forestry research program aimed at tree improvement, 
including species/provenance selection in relation to site environments. Such a 
centralized program would develop appropriate methods 1) for problem identification, 2) 
for selection of disease resistant species and provenances, and 3) for identificatbn of 
environmental parameters of importance in terms of particular diseases. 
Comulementarv investment needed to ensure an effective international effort in forest 
pathology. 
66. In the case of genetics and breeding work, the pathology unit would have to be 
attached to a broader international tree improvement center to deal with issues related 
to breeding for disease resistance. Thus, investment in such a broader program is a 
prerequisite for success in internationalizing pathology research in this area. 
67. More importantly, there is need for substantial investment in local field level 
research capacity to field test results from centralized labs. Pathogens react in a very 
site specific way. Thus, centralized provenance selection makes little sense from the 
point of view of disease prevention. Rather, centers would function as sources of 
general information on diseases and disease control, with selection and adaptive research 
being done in associated field centers, or through networks of local research 
organizations working w.ith the regional centers. 
Protection Research: Entomology 
68. A major need in entomology research is to focus on “inte_mted pest 
management” approaches to dealing with insects. In this approach-which was used 
recently with some success in the case of the psyllid that attacks Leucaena-the focus is 
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on a management System for a given output (generahy one or a few species). Ah the 
pests which are or might be involved with this management system are studied, both 
individually and in terms of their interactions with each other. 
Contributions of forest entomoloQv research. 
69. Entomology research contributes to the effectiveness of forestry and tree growing 
m a number of ways. Most important is its role in reducing uncertainty in tree growing, 
i.e., reducing the risk of loss due to pests. 
l * Many otherwise obscure insect species in the tropics have major economic importance. 
For example, the oil palm (Ef~&guinacnsis) is pollinated in the wiId in Africa by a weevil 
(Eloeidobius kamenmic~). The oil palm was introduced in what is now Malaysia in 1917 
without the we&l and thus required costly, inefficient hand pollination. In 1980-81 the 
pollinator was cokcted from its native habitat in the forests of the Cameroon and brought 
to Malaysia after a six month quarantine; significant improvement in pollination resulted, 
with the percentage of fruit set increasing by 8 to 28 percent. After considering other factors 
of produaion, it is estimated that the increase in national oil palm produaion could reach 
123 percent (SaIIeh Mohd. Nor, personal communication). The improvement was worth 
some US!30 to US&50 milbon in foreign exchange in the first year alone (Goodland 1985). 
l * Tens of millions of dollars have been invested in leucaena development in the tropics in 
support of low-input farming systems, where it underpins new programs for intercropping, 
leaf meal and fuewood production, and hiIlside stabiiization projects. IronkaUy, Ieucaena’s 
emergence as a valuable tree crop is now being threatened by the sudden appearance of a _ 
minute inseu (PsyUidae: Heterppdfa crrbu~ Crawford) which is causing widespread 
defoliation and mortality throughout the Pacific region and Southeast Asia. Although the : 
biological time bomb represented by the broadly distnbuted, narrw genetically based 
leucaena aploded over a large geographical area with devastating effects on Local economies, 
the response by the scientific community in SE Asia has been equal to the task. From the 
fust meeting in Hawaii in November, 1986, until August, 1987, a mere ten months, fwe 
national IPM plans had been d-eloped and national coordinators selected. Also, a regional 
IPM plan had been prepared and approved and a regional coordinator selected. The 
regional IPM plan may be the largest multicountry effort ever developed to coordinate and 
integrate research on a major pest problem and it offers considerable promise for resolution 
of the psyUid problem (McFadden 1988). 
Potentials for eains from international centralized research in forest entomolow. 
70. The potential gains from centralization of actual research are rather slight. 
Basically, research needs to be site specific, since there are so many site specific 
variables which determine the probability of damage and the severity of such damage, if 
it is not prevented. At the same time, there are significant opportunities for 
international networking in forest entomology research, such as indicated by the example 
above of the research on the psyhid affecting Leucaena. 
71. A second area where centralization of forest entomology research makes sense is 
in breeding and tree selection programs, where the forest entomologist is one member of 
an interdisciplinary team working on a basic crop/output/product problem. Examples 
include teak production and management which is a widespread activity affecting a 
number of countries in different regions. Insect problems exist and need to be dealt 
with, in some cases through international research efforts. 
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Comolementarv investment needed to ensure effectiveness of centralized forest 
entomoloat research. 
72. In the context of what was said in the previous paragraph, we hasten to add that 
a strong, site specific field component will be needed to ensure effective use of any 
results coming out of centralized research. Such adaptive research capacity in the field 
of forest entomology exists in very few countries today. As such, major investments in 
building up national forest entomology research capacity and programs would be needed 
to complement any investment in centralized research. 
Utilization Research 
73. It often is stated that utilization research directly benefits commercial industry 
and thus should be funded and undertaken by industry. This certainly is true of a 
number of areas of applied forest products utilization research. However, there is 
another aspect to utilization research which needs to be considered and put in 
perspective in terms of an overall research attack on critical forestry problems facing the 
world today, and particularly facing the poor rural population of developing countries. 
Contribution of forest utilization research. 
74. Examples of contributions of research are varied. For example, research : 
conducted at the U.S. Forest Products Lab (FPL), the CT’FT and researchers in Japan 
showed that it is possible to pulp mixed tropical hardwoods and to make suitable paper 
and board products from this pulp. The information has been used in the Philippines, 
Colombia, and Brazil. The research led, indirectly at least, to established industries that 
created employment and significant economic impact in the countries. It is not likely 
that this research would have been initiated by any single company, since costs were 
quite high. Public sector investment was needed to make this type of research come 
about. Another example is particleboard and waferboard, which has great potential for 
low cost construction materials in developing countries, made out of locally available 
woods. A similar situation exists with regard to wood preservation, which can bring 
numerous social and economic benefits to developing countries. Other examples related 
to the contribution of utilization research in developing countries include the following: 
l * Research by Reiche and Campos (1986) shows that drying coffee in Costa Rica with 
eleuricity is about six times-and using diesel fuel is three to four times-more expensive than 
using wood. This type of research has significant direct implications for fuehvood and other 
energy markets and indirea implications for policies on forest proteztion and energy in Costa 
Rica. 
l * Research in Malaysia, the Philippines, Costa Rica and Colombia and several developed 
countries has vastIy increase.d the range of species from the natural tropical forest which can 
be utilized in paper produaion, thus opening up opportunities for produaive, sustainable use 
of previously unused resources. 
l . Ten years ago, rubberwood was unknown as a commercial species in Malaysia. Research 
on spezies properties, processing, protection and utilization led the way to markets for 
nrbberwood. As a result Malaysia exported over 258,000 cubic meters of rubberwti in 1987 
with a value over MS37 million (Salleh Mohd. Nor, personal communication). 
l * As one of the oldest research institutes in West Africa, FRIN has taken the lead in 
popularizing the use of lesser known species (LKS), having expanded the resource base of 
the timber industry twofold by conduaing research into the LKS propenies (strength, 
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seasoning characteristics and durability) at &St .in collaboration with Prinw Risborou@ 
Laboratory in Britain and, from the 1970’s, in its own laboratory at Ibadan. 
l * Research in six countries reported by Fiiha (1987) indicates that the contriiution of 
forest-based to total employment in small scale enterprises varies between l3 and 34 percent. 
Their contribution to total value added varies between 16 and 47 percent, and to total value 
of production from 14 to 49 percent. In all cases forest-based SSES were one of the more 
important sectors. 
l * Bengston (1984, 1985) found average economic rata of return @RR) of D-22 percent for 
structural particle board research and 3440 percent for lumber and wood produas research 
in the United States. Haygreen et al. (1986) calculated that public investment in all timber 
*‘utilization research in the United States had economic rates of return between 14 and 36 
percent, depending on assumptions used concerning costs to be included (In the lowest rate, 
14 percent, all costs of research on timber management, forest products utilization, and forest 
products marketing were included). 
Potential Pains from international centralization of certain Woes of forest utilization 
research. 
75. Utilization research is an area where centralization could produce significant 
gains in a short time for a great number of countries. The centralized research would 
have to be coupled directly with significant investment in adaptive research capacity in 
developing countries, and with economics and policy research designed to understand the 
best environments for diffusion and implementation of new or improved utilization - 
technologies. 
76. There are numerous high quality laboratories in Europe, North America, Japan, 
and Australia-New Zealand. Increasingly there are also quality research facilities in 
some of the developing countries of Africa, Asia, and Latin America. The selection of 
centralized labs in research programs to develop products and processes should be based 
on the capabilities of the individual facilities to do the research needed. Most often the 
facilities in the developed countries are best equipped to do all kinds of research. For 
example, the U.S. FPL is staffed and equipped to do research in virtually all facets of 
forest products research, and could function as a centralized research unit. 
77. There are advantages to centralization. Forest products research is somewhat 
unusual in that it is unusually not confined to local or regional application but may be 
national or even international in scope. This favors a centralized approach. 
78. Another important factor is the size of the investment in constructing and 
equipping a modem laboratory with state-of-the-art equipment. For example, an up-to- 
date scanning electron microscope, which is vital to today’s scientific progress, costs a . 
minimum of $250,000 US. The recently completed Hokkaido Forest Products Research 
Institute in Japan, which houses about 80 scientists, took four years to construct at a cost 
of 32 million US dollars. 
79. Another attribute of a centralized research center is the ability to not only 
conduct research, but also to prepare reports and other means of disseminating the 
research results. Another advantage is the potential for training and technology transfer 
to expand the knowledge to other agencies and scientists. 
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80. The types of utilization research which could benefit from some centralization 
and which seem to be relevant in the context of CG objectives related to poverty 
aueviation and food security include the following: 
Market and other utilization research for oresentlv noncommercial tropical tree 
Initial phases of market development research for presently species. 
noncommercial species oftentimes has to be done by the public sector because 
individual companies seldom can appropriate the benefits from such research- 
other companies can rapidly move in once the market has been developed. Thus, 
a given company has little incentive to invest the large amounts of money 
required for such work. 
By increasing the number of species utilized, such research can increase 
significantly the economic productivity of the natural forest, thereby providing 
greater justification for sustained yield management of natural forests in place of 
their destruction. Wider species utilization can take the pressure off remaining 
forests, since given demands can be met from a wider range of species, but often 
from a smaller area. 
Utilization of nonwood oroducts from the natural forests. includinp oarticularly 
food and fodder oroducts. Although we know that a great many people in rural 
areas of developing countries rely on the natural forest for food supplies, a great 
deal of research remains to be done to understand the total utilization potential 
for different types of tropical forests and for different species of animals and 
plants. 
Research summarized by Falconer and Arnold (1988) shows percentages of total 
food or nutrient value derived from natural forests significant for different 
regions in developing countries. This includes both animal and fish protein and 
fruits, nuts, berries, etc., harvested in the natural forest for personal use or for 
sale in villages and towns. Thus, utilization research in this area can have a 
direct relation to food security for many of the poorest people in developing 
countries. It is complementary to the research needed on the management of the 
tropical forest on a sustained yield basis for both wood and nonwood outputs. 
Charcoal oroduction technoloeies. woodfuel and charcoal stove design, 
production and distribution. and woodfuel characteristics. Research in these 
areas has an obvious relation to both food security and to reducing the problems 
of forest degradation. World Bank studies have indicated that in some areas 
people starve because of lack of fuel to cook their food (that is not digestible in 
an uncooked form); while improved stove technology alone will not solve this 
problem in such areas-the wood supply elements also need to be addressed-it 
can contribute to resolving the overall problem in areas where woodfuei supplies 
are so scarce that traditional methods of cooking cannot be sustained with 
existing wood fuel supplies. Furthermore, it can contribute to a reduction in the 
toii of women and children, who traditionally are the fuelwood gatherers. As 
shown by an IFPRI study in Nepal (Kumar and Hotchkiss 1989), increased time 
spent in fuelwood collecting can be related to reductions in agricultural 
productivity of farms. 
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Improved cooking efficiency can result in a reduction in fuelwood demand with a 
consequent reduction in destruction of the environment by fuelwood gatherers 
and cutters. Again, such reductions can translate into improved watershed 
management and reduced siltation in reservoirs and damage to irrigation systems. 
plantation wood utihzation. In some areas, e.g.; West Africa, it is felt that one 
obstacle to increased plantation forestry (which can help to relieve pressures on 
the natural forest exploitation) is lack of sufficient knowledge concerning efficient 
utilization technologies for efficient and effective utilization of small sized, less 
dense plantation grown wood. Improvements in this area can help to provide 
incentive for increased plantation investment and utilization, thereby potentially 
reducing pressures on the natural forest. 
81. The above examples indicate some of the types of utilization research which 
could relate to basic CG objectives. We emphasize that all forest utilization research 
does not fit within this context. However, there are urgent research needs that should 
not be ignored and that can contribute with research in other areas of forestry to solving 
major problems associated with food security, environmental protection and poverty 
reduction. 
Comolementarv investment needed to secure the benefits from centralized research in 
forest and tree utilization. 
82. As in the cases of all the other types of research discussed, there is a critical - 
need for complementary investment in building up the local capacity to do adaptive 
research and to move the new technologies and information into effective and efficient 
production activities. Further, a strong argument can be made for supporting nehvorking 
activity in this area of utilization in addition to centralized research. 
Resource Assessment and Manapement Information Svstems Research 
83. The increasing worldwide problems of natural resource degradation due to 
nonsustainable land use practices point to the urgency of finding information on how to 
bring about more sustainable development. This information is required at all levels. 
To obtain needed information, additional research in many subject areas will be 
required. 
84. Establishment of centralized management information systems are needed to 
increase the efficiency and effectiveness of such expanded forestry and agroforestry 
management research. Research is needed to develop the best approaches to 
establishing standards for measurement and pooling data from decentralized research in 
similar agroecological zones, and to develop quality training in information systems 
management. Development of appropriate remote sensing technologies and facilities 
also is needed. 
Contributions of Remote Sensine and manaeement information svstems 
85. The viability of remote sensing as an economic tool in third world countries has 
5 been studied by Turner and Walters (1989). For the eleven African countries studied, 
they found that remote sensing was the most cost effective means of collecting 
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;nformation on natural resources given constraints of accessibility and the i,naeachg 
rates of landuse change. 
86. Remote sensing has proved to be an invaluable tool for monitoring changes h 
forested lands. 
In a reEcnt study (Stone et al. 1989) remotely sensed data was used to monitor changes in 
forest cover in the Brazilian state of Para’ from 1981-1986. Landsat MSS, @&at T?+i and 
SIR-A data were used in the study. Total rafe deforestation during the five years were 
determined to be 7.9 percent. The study found that secondary forest could easily be 
distinguished from primary forests using Landsat data. The LBand radar data was most 
useful for determining primary forest composition. .’ 
Other studies have demonstrated the utility of remoteiy sensed data for monitoring changes 
in semi-arid zoneJ in Nigeria (Pilon et al. 19&3), for differentiation of ecological zones in 
Botswana (Ringrose et al. 1989), for vegetation assessment in Thailand (Dijk et al. 1987), and 
for monitoring forest canopy alterations around the world (Williams and Miller 1980), to 
name but a few. 
87. Coordination of management information from forestry research at the 
international level has taken place only recently (Rose and Cady 1987). The MIRA 
system developed by CATIE is in actual operation and is being used by the Central 
American countries to share data and information related to multipurpose tree species 
in different agroclimatic zones. A similar effort is underway in Asia through the USAID 
sponsored F/FRED project (Cady et al. 1988). ICRAF also has a system for 1 
agroforestry (cf. von Carlowitz 1988). Significant benefits could flow from these and 
other information networking activities being planned and proposed by the SPDC and 
other groups (Rose and Ugalde 1987). 
Potential gains from centralization in remote sensinp and MIS research related to 
forestry 
88. Some systemization of research for different agroecological zones and different 
management situations is needed. Without serious thought being given to how expanded 
research should be coordinated, and how information could be shared and distributed, 
there will be waste of resources, duplication of efforts, and loss of time in moving toward 
solutions to critical forestry problems. 
89. Species performance in different environments and in different production 
systems need to be predicted before recommending a specific management system. 
Ideally, growth and yield models that describe the interaction of stand management and 
environmental factors such as soil, site, and climate, can be developed. However, such 
models require the collection of large amounts of data that cover the full range of sites 
and treatments encountered in practice. While much experiment-based information on 
agricultural and tree systems exists worldwide, this information cannot be accessed or 
exchanged readily because no uniform standards for measurements have been 
established and key environmental information is frequently not recorded. Only by 
pooling data from well coordinated experiments will it be possible to develop models for 
major crops, species and systems within the next decade. 
90, The advantages of distribution and exchange of information among countries, and 
the necessity for combining and coordinating forces for diminishing unneeded 
duplication in research need to be stressed increasingly by international donor 
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organizations. A basic and fundamental aspect of this task is the collection of 
information by standardized methods, based on a minimum set of variables which need 
to be measured and collected in each of the similar components within the different 
experiments. Standardization requires clear and precise specifications for the collection 
of these variables because on this depend the precision, the transfer and the success of 
the adaptation of this technology. Transfer of technology is facilitated by using 
condensed, well organized and readily accessible summaries of key information relevant 
to a specific problem and aimed at previously identified endusers of the information. 
Some degree of centralization and coordination could provide significant benefits in 
researching approaches to meeting the above requirements. 
91. In the case of remote sensing and geographic information systems, research is 
needed on inventory and assessment techniques that are applicable to the tropical 
environment and on methods for standardizing land cover classification systems. At 
present there is Little research in the tropics and subtropics pertaining to these topics. 
What is needed is a mechanism to stimulate and organize a coherent research agenda 
for the use of remote sensing in monitoring and assessing tropical forests. A centralized 
research center)networked to regional remote sensing centers)may in fact provide such a 
catalyst. 
92. A centralized remote sensing facility would serve a number of purposes: it would 
provide a focal point around which to organize and coordinate remote sensing research 
efforts; it would assist in training of personnel at new or existing regional and national 
centers; it would help develop a network of regional remote sensing centers around the 
world and it would act as a data center for collection and evaluation of worldwide trends 
in tropical forest dynamics. Such a forestry related effort would be tied in with the 
UNEP Global Environmental Monitoring project and other on-going remote sensing 
efforts related to other land uses. - 
93. In addition, a centralized facility with steady funding and top staff and facilities 
would not have the problems of the boom and bust cycles that plague some existing 
regional remote sensing centers. A centralized facility could help coordinate national 
and regional research on the use of remote sensing to monitor and inventory forest 
lands. It would also enhance communication between national and regional remote 
sensing activities, stimulate joint research and reduce redundancy of procedures and 
techniques used in different locations, but for the same purposes. 
Comdimentarv investments needed 
94. Effective transfer of remote sensing technologies to LDC’s is critical to the 
~uwessful use of these technologies (Danjoy, 1989; Aheam et al., 1985; Davis et al., 
1983). A common trend in the development of regional remote sensing centers in the 
tropics and subtropics is a large initial investment by donor agencies followed by a 
decrease in the level of support and the flight of foreign expertise as funds diminish. 
Unless there is proper training of local scientists and technicians and development of 
effective adoptive research capacity, the labs will not be able to utilize effectively the 
Output from an international center. 
95. As with the other areas of centralized research discussed in this paper, there is 
an urgent need to support the buildup of national adaptive research capacity to utilize 
the results coming out of any centralized research efforts. 
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96. There are a number of remote sensing centers in the tropics that could be 
strengthened to become part of a network cooperating with a central unit. They include 
the Nairobi remote sensing center in Kenya; Bakosurtanal, the Indonesian remote 
sensing center; the Asean Institute of Technologies Remote Sensing Center, in Bangkok, 
and the Brazilian remote sensing center in Sao Paula. 
CONCLUSIONS AND INSTITUTIONAL IMPLICATIONS 
97. The table in Annex 1 attached summarizes the various research topics discussed 
above and rates them in terms of their potential for centralization. Based oh this 
assessment, a few general conclusions emerge concerning the potentials for international 
centralization. The implications of these conclusions are explored, 
Conclusions 
* Clonal orooaeation. aoolication of the new biotechnolow. conservation of 
woodv Perm olasm. soil microbiolow. utilization and oolicv research use have 
hieh ootential for eains from centralization of research, Each requires a 
centralized group of highly skilled and experienced researchers working together 
as a team. 
* In research areas assessed which relate to the biology of trees and basic _ 
silviculture. advantages can be gained bv combinine them within the same center 
of excellence. in other words. emohasizine the intemative and comolementary 
nature of the research areas in moving toward common outout obiectives. For 
example, it would make sense to have pathology and entomology researchers 
working as part of an integrated, multidisciplinary forestry research group with an 
tree improvement/output orientation. 
l For every one of the areas assessed, centralized research can become 
productive only if there is substantial investment in building UD local adautive and 
adoptive research capacity in national forestry research systems (NFRS). This 
situation is no different from agricultural research in developing countries some 
years before the IARC’s came on stream. The fact of the matter is that national 
forestry research capacity in most developing countries is low and in some cases 
nonexistent. 
l For none of the areas assessed does there vet exist an intemationallv 
SUDDOrted centralized research center that oresentlv focuses in a major wav on 
forestrv In a few of the fields there are some existing 
forestry research centers or IARCs which could, with change in their mandates, 
accommodate significant additional activity in the areas identified above.’ 
l In all research areas considered, there aooear to be uroductive oooortunities 
for major existine reeional and national research PTOUDS to work toeether 
jntemationallv throueh networks. In research areas such as nitrogen faation, 
entomology, and tree improvement, existing networks, although underfunded, 
have shown the gains which can be achieved. 
’ Note here that we are not including agroforcwy in this discussion, since it is being addressed by another ~OUP for 
the TAC. 
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Imolic&ions which need further consideration: 
l In terms of investment implications, it should be realized up front that, to be 
effective, anv sienificant investment in international centralized forest research 
must include investment in some “bricks and mortar” and investment in building 
UD comolementatv national adaotive research caoacitv. 
l In terms of institution building implications, a very preliminary assessment, 
based on the conclusions above and also taking into account the conclusions of 
the ongoing IUFRO/SPDC study, would indicate that one of the following 
general institutional ootions for centralization mipht be most oractical and 
productive: 
1 Option 
Establish a tropical forestry research center (TFRC) within the CGIAR 
system that would: 
Develop centralized expertise and do research on some well-defmed 
areas of forestry research initially at the global but also as soon as 
practicable at the regional level relating to the biology, productivity 
and disease resistance of multipurpose tree species. The main areas 
of focus would include germplasm conservation and irnprovement,- 
clonal propagation, tissue culture, new biotechnology and some aspects 
of plant pathology and entomological research. Close collaboration 
would be needed with IGPGR in developing this program. 
Initiate and implement selected areas of forestry related policy‘ 
research (in close collaboration with IFPRI). 
Support centralization of selected areas of utilization research related 
to CG objectives of poverty alleviation and sustainable resource 
management. 
Promote, develop, manage, monitor and provide quality control for 
selected high prioricy research networks particularly those which 
would complement the centralized research activities suggested above. 
These would build on the experience gained by IUFRO/SPDC and 
also bring in the networking experience of IDRC (e.g., bamboo/rattan 
netxork) and USAID’s F/PROD network for multipurpose species in 
Asia. 
Support buildup of national research capacity in priority areas of 
research; by working with ISNAR, by conducting its own training 
activities, and by conducting workshops and helping to place interns; 
Establish and manage a forestry information system; 
Serve as liaison between forestry research groups, between other CG 
centers and the forestry research community in general; 
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* Serve as a forestry focal point ‘for the CGIAR; report on progress of 
CG funded forestry activities, consolidate annual budget proposals and 
research programs for presentation to the CGIAR; 
Option 2 
This option would essentially be the same as 1, except that actual research 
into tree biology , utilization and policy would be tackled in one or more 
separate CGIAR institutions leaving regional networking to be handled by 
other institutions. If the CGIAR opts for supporting only selected areas of 
forestry research that can be centralized then there wouid be a case for a 
strong independent and internationally supported forestry research agency 
outside the CG system to ensure that essential,complementary regional or 
adaptive research is simultaneously put in place. 
Ootion 3 
While this report has not dealt with the topic of agroforestry (which has been 
reviewed by another TAC Panel) an argument could be developed for 
integrating all aspects of forestry research into a single International Tropical 
Forestry and Agroforestry Research Centre (ITFAFRC) under one roof. - 
Such a Centre would need to develop capability to handle: 
l Hands-on research into biology and productivity of trees 
l Policy research 
* Selected areas of utilization research 
* Agroforestry research 
- 
Also to develop cooperation for developing adaptive research networks on such topics. 
The rationale for Option 3 would be that developed by the Bellagio II Task Force, 
namely that an integrated and multidisciplinary approach to forestry research offers the 
best prospect for containing deforestation and maximizing the potential contribution of 
forests and trees to sustainable agriculture. 
The above are in no way comprehensive. TAC may wish to identify other institutional 
options. The next phase of the TAC forestry panel’s work will focus on reviewing the 
organizational, budgetary)site location and other implications of these various 
institutional options. 
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AREAS OF RESEARCH 
Characteristics: New Biotcchnolog Vegetative 
propapat ion 
Soil Microbiology Woody germplasm 
conservation 
1. Degree of centralization 
desirable 
(high, medium, low, none) 
High Med. 
(regional) 
Med. 
(regional) 
Med. - low 
(depends: Dry or 
moist forest) 
2. Level of initial investment 
required to reach minimum level 
of critical mass 
(high, medium, low) 
High 
($40-80 million) 
Med. 
($20-40 million) 
Med. 
($20-40 million) 
Med. - low 
($10-20 million) 
3. Best type of centralized 
activity (e.g., lab, nucleus 
with outside cant raaing, 
combined with other research 
etc.) 
Lab Lab 
w/field plots 
Lab 
w/field plots 
Lab and 
storage 
4. Availability of existing int. None? None 
centers of arcellence (in LfXs) 
that could be expanded to 
serve as internat. center 
(e.g.,none, one, few, many) 
IBPGR 
5. Need for investment in 
adoptive/adaptive research 
capacity in LDC% 
(high, medium, Iw) 
High High High Med.? 
6. Opportunities for 
networking (good, average, 
poor) 
Good Good Good Good 
7. Others? 
*.-1.. - 
Annex I conrimed 
w 
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AREAS OF RESEARCH THAT COULD IXNEFIT FROM CENTRALI-~~T~ON 
CHA~~ERI!3’ICS IN TERMS OF lNSTlTUTIONAL DlMENSlONS/REQUlREMENTS 
AREAS OF RESEARCH 
Characteristics: Protection 
(I?ntomol./Palhol.\ ’ 
Policy Utilization 
1. Degree of centralization 
desirable 
(high, medium, low, none) 
Med. - low High (but see 
(Regionalized) 3 and 5 below) 
High 
2. Level of initial investment 
required to reach minimum hwcl 
of critical mass 
(high, medium, low) 
Med. - low LOW High - Med. (depends 
on subfields) 
3. Best type of uxlrrali.zcd 
activity (e.g., lab, nucleus 
with outside contracting, 
combined with other research 
etc.) 
Lab 
w/field work 
Nucleus 
w/contracting 
and twinning 
Lab 
w/contracts 
4. Availability of existing int. 
centers of excellence (in LDC’s) 
that could be expanded to 
sewe as internal. center 
(e.g.,none, one, few, many) 
ICIPE (insects) IFPRI 
ISNAR 
WRI 
IIED 
None 
5. Need for investment in 
adopt k/adaptive research 
capacity in LDC3 
(high, medium, hnv) 
High High High 
6. Opportunities for Good Avg. - poor Good 
networking (good, average, 
-8 po4 
7. Others? 4 I 
